Abstract. The present study investigated the expression of miR-150 and miR-3940-5p in non-small cell lung carcinoma (NSCLC) and its relationship with clinicopathologic features. Samples included tumor, tumor-adjacent and normal lung parenchyma tissues from 90 NSCLC patients and 17 cases of embryonic lung cDNA. The expression levels of miR-150, miR-18b-5p, miR-643 and miR-3940-5p were detected by real-time PCR; p53, EGFR, Kras and Ki-67 expression in tumor tissues was determined by immunohistochemistry. p53 mRNA expression levels in NSCLC were examined by SYBR-Green real-time PCR. The relationship between the four miRNAs and clinicopathologic features of 90 cases was analyzed. The expression of miR-150 and miR-3940-5p was significantly downregulated in tumor tissues and embryonic lung tissues compared to normal lung tissues. The expression of miR-150 and miR-3940-5p in tumor tissues was also lower than that in the matched tumor-adjacent tissues. miR-150 was downregulated preferentially in subgroups of patients with a tumor diameter more than or equal to 3 cm, in smokers and in stage III and IV tumors. Specifically, miR-150 and miR-3940-5p expression was decreased in nuclear cell proliferation antigen Ki-67-positive NSCLC cases. miR-150 and miR-3940-5p were found to be significantly downregulated in p53 IHC-positive NSCLC cases and were negatively correlated with p53 mRNA. Reduced miR-150 and miR-3940-5p expression in tumor tissues and embryonic lung tissues suggests that these miRs may be involved in the tumorigenesis or de-differentiation of NSCLC. Due to this associaton with the Ki-67 proliferation index in NSCLC, downregulation of miR-150 and miR-3940-5p may contribute to tumor growth and proliferation. miR-150 and miR-3940-5p may affect p53 expression through a direct or indirect pathway.
Introduction microRNAs (miRNAs) are a class of non-coding RNA genes whose final product is a 22-nt functional RNA molecule. They play important roles in the regulation of target genes by binding to complementary regions of messenger transcripts to repress translation or regulate degradation. This ultimately leads to repression of protein translation and downregulation of protein expression (1, 2) . Deregulation of miRNAs is emerging as an important area of study in carcinogenesis since their regulatory capabilities can drastically influence cell physiology (3) . Current data indicate that every tumor type analyzed by miRNA profiling shows differential expression of miRNAs when compared to normal tissues, therefore, differential expression of miRNAs may have diagnostic significance and prognostic value (4) .
Lung cancer is the leading cause of cancer-associated mortality and is responsible for more deaths than the next three most common tumors combined (breast, prostate and colon) (5) . Even for patients in the earliest stage of the disease (stage IA), the 5-year survival rate is only 73% after surgical resection (6) . Non-small cell lung cancer (NSCLC) accounts for ~87% of lung cancer cases (7 Departments of 1 Thoracic Surgery, are directly involved in the tumorigenesis of lung cancer and suggest that tissue miRNA profiling can be used for diagnosis or predicting the prognosis of lung cancer (8) (9) (10) .
Our previous miRNA microarray analysis revealed that miRNA-150, miR-18b-5p, miR-643 and miR-3940-5p were downregulated in recurrent tumors when compared to primary tumors in NSCLC. To confirm the possible role of these miRNAs in NSCLC, we investigated the expression of miRNA-150, miR-18b-5p, miR-643 and miR-3940-5p in normal, tumor-adjacent and tumor tissues in 90 NSCLC patients. We also compared the expression levels with clinicopathological features and examined the expression level in embryonic lung cells. Our aim was to investigate the association of miRNA-150, miR-18b-5p, miR-643 and miR-3940-5p expression levels with clinicopathologic features and increase our understanding of the miRNA signature in NSCLC. The findings may suggest a potential diagnostic or prognostic strategy for targeting specific miRNAs.
Materials and methods
Approval for the present study was obtained from the ethics committees of the participating hospitals.
Patients and samples. Fresh frozen specimens from 90 cases of NSCLC used in this study were obtained from Shanghai Pulmonary Hospital between December 2010 and September 2011. The patients had not received adjuvant chemotherapy before surgery. Three samples, which included normal (N), tumor-adjacent normal (TN) and tumor (T) tissue, were obtained from excision specimens for each lung cancer patient. Tumor-adjacent samples were dissected 2 cm from the tumor and included as little contamination of the cancerous tissue as possible. Normal tissues consisted of the dissected pulmonary tissue at a distance of least 5 cm from the tumor. Samples were freshly resected after lung tissue excision and immediately frozen in liquid nitrogen for subsequent total RNA extraction. Tumors were classified according to the TNM staging for NSCLC (International Association for the Study of Lung Cancer, IASLC, 2009). The histological type, tumor size and pathologic differentiation were precisely diagnosed through routine cytological and histological examinations supplemented by histochemical and immunohistochemical assays. Seventeen embryonic lung tissue cDNA samples were kindly provided by Shanghai First Maternity and Infant Health Hospital.
Total RNA extraction and real-time PCR quantification of miRNAs. RNA was extracted from frozen tissue samples using a miRNeasy Mini kit (Qiagen GmbH, Hilden, Germany) following the manufacturer's instructions. cDNA was reverse transcribed from total RNA samples using the Qiagen miScript Reverse Transcription kit (Qiagen), which can polyadenylate at the 3' terminus of miRNAs and reverse transcribe by a oligo-dT primer with a universal tag. All RT reactions were carried out in a 10-µl volume, starting with 1000 ng of total RNA. The reaction mixture was initially heated to 37˚C for 60 min and at 95˚C for 5 min. PCR products were amplified from cDNA samples using the Qiagen miScript SYBR-Green PCR kit with specific miRNA primers and miScript Universal Primer. Specific primer assays for each microRNA were obtained from Qiagen (order no. 2591821): hs-miR-150 (lot no. 102594470); hs-miR-18b-5p (lot no.1 02594478); hs-miR-643 (lot no. 102594477); hs-miR-3940-5p (lot no. 102594472); and Hs-RUN6-2-1 (lot no. 102594473).
miRNA PCR quantification was performed using the ABI PRISM 7500 Real-Time PCR system. The assay plates were initially heated to 95˚C for 15 min, followed by 40 cycles of 94˚C for 15 sec and 55˚C for 30 sec. qPCR for each sample was performed in duplicate. The -ΔΔCt method was used to analyze the relative quantitative expression levels of miRNAs with snRNA U6 as an internal control gene. TP53/p53 was amplified from 60 cases of paired tumor and normal samples by SYBR-Green real-time PCR. TP53/p53 forward primer was TCAACAAGATGTTTTGCCAACTG; reverse primer, ATG TGCTGTGACTGCTTGTAGATG. cDNA was amplified using the following steps: an initial 3-min denaturation at 95˚C, followed by 40 cycles of 94˚C for 5 sec, 61˚C for 34 sec and a final melting curve step.
Immunohistochemistry of p53, EGFR, Kras and Ki-67.
Immunohistochemistry was routinely performed to determine p53, EGFR, Kras and Ki-67 in the formalin-fixed paraffinembedded surgical specimens. Anti-p53 (clone DO-7; Dako, Glostrup, Denmark), anti-EGFR (clone EGFR.25; Gene Tech, Shanghai, China), anti-Kras (clone 4D10; Gene Tech), and antiKi-67 (clone MIB-1; Dako) monoclonal antibodies were used as primary Abs. A Ventana NexES immunohistochemistry kit (Ventana Medical Systems) was used for staining. Specimens were considered 'positive' when >5% of tumor cells within the section exhibited positive nuclear staining for Ki-67 (11), positive nuclear staining for Kras, positive cytoplasmic or nuclear staining for p53 and positive membranous staining for EGFR. Immunohistochemical staining in surgical specimens was independently assessed by two pathologists.
Statistical analysis. Data are expressed as medians (IQR interquartile range). Statistical differences in miRNA expression between two groups were calculated using the non-parametric Wilcoxon Mann-Whitney test and a test for several independent samples used the Kruskal-Wallis H test. A paired t-test was used for paired samples. Pearson's correlation was used to evaluate the correlation coefficient of the two groups. A Chi-square test was used to compare proportional data. The statistical analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL). The level of significance was defined as a P-value of <0.05.
Results
General information. Ninety NSCLC cases were enrolled and included in the final analysis. Forty-one cases of NSCLC were localized on the left side and 49 on the right side, which included, respectively, 21 and 20 cases localized on the upper and lower lobe on the left side and 27, 8 and 14 cases localized on the upper, middle and lower lobe on the right side. Additionally, this group of patients included 72 (80.0%) males and 18 (20.0%) females, with a median age of 59 years (range, 28-77, IQR 55-65). Seventy-eight patients (86.7%) were <70 years of age and 12 (13.3%) were ≥70 years. Fifty-one patients were never-smokers and 39 patients were current or ever-smokers. Coexisting diseases, including hypertension, coronary heart disease, diabetes, obstructive pneumonia, gastric ulcer and varicose vein, were reported in 24 patients.
Ten patients underwent pneumonectomies, 66 lobectomies, and 6 bilobectomies. Lobectomy combined with extended resection was performed in 8 cases (4 cases of sleeve resection, 1 case of angioplasty and 3 cases of tracheoplasty). Postoperative complications developed in 14 cases and included prolonged air leakage (>1 week in 8 cases), pulmonary infection (1 case), empyema (1 case), atrial fibrillation, requiring intervention (1 case), chylothorax (2 cases, requiring further operation in 1 case) and acute pulmonary embolism (1 case).
Pathology and immunohistochemistry.
There were 41 (45.6%) squamous cell carcinoma, 32 (35.6%) adenocarcinoma, 16 (17.8%) adenosquamous carcinoma and 1 (1.1%) large-cell carcinoma cases in this group. Thirty-eight were stage PI (7 Ia and 31 Ib), 18 PII (12 IIa and 6 IIb), 29 PIII (28 IIIa and 1 IIIb) and 5 PIV. The reasons for PIIIb was metastatic isolate nodules in different lobes. The median tumor size was 3.5 cm (IQR 2.5-5 cm, range 1.2-9.5 cm). For tumor grading, well, moderately and poorly differentiated carcinoma was noted in 16, 49 and 9 cases, respectively (16 missing cases were adenosquamous carcinoma, for which the differentiation degree was not able to be distinguished). A total of 1268 lymph nodes (1045 mediastinal and 223 regional LNs) were removed at an average of 14±6.9 nodes per patient. One hundred and eighty-five N2 nodes in 34 cases proved cancerous among the total LNs removed. The results of the IHC analysis were obtained from 83 cases. Following IHC analysis, positive expression of p53, EGFR, Kras and Ki-67 was observed in 45, 37, 41 and 63 specimens, respectively. Clinical characteristics of the 90 patients are shown in Table I ; tumor localization is shown in Table II. miR-150 and miR-3940-5p expression was reduced in tumor tissues and tumor-adjacent tissues compared to normal tissues. The expression of miR-150, miR-18b-5p, miR-643, miR-3940-5p and internal control snRNA U6 was detected by miRNA poly(A) tailing-based SYBR-Green real-time qPCR. The specificity of each miRNA primer for amplification was confirmed by a melting curve analysis at the end of the PCR procedure and subsequential agarose gel electrophoresis of the PCR products (Fig. 1) .
We examined the expression levels of miR-150, miR-18b-5p, miR-643 and miR-3940-5p in the tumor, tumor-adjacent and normal tissues of the 90 NSCLC cases. As a result, a marked downregulation of miR-150 and miR-3940-5p expression was noted in the tumor tissues when compared to the normal and tumor-adjacent tissues (P<0.05). The expression of miR-150 and miR-3940-5p in tumor-adjacent tissues was also lower than that in the the matched normal tissues (P<0.05) ( Fig. 2A  and B) . As for miR-18b-5p and miR-643, no significant differences were found among the groups (P>0.05) (Fig. 2C and D) . between tumor and embryonic cells (13) . Therefore, we examined the expression of miR-150, miR-3940-5p, miR-18b-5p and miR-643 in 17 cDNA samples of embryonic lung tissue. Notably, we observed that the expression of miR-150 and miR-3940-5p was significantly downregulated in embryonic lung tissue vs. normal adult lung tissue (P<0.001) (Fig. 3A and  3B ). We did not note different expression levels of miR-18b-5p and miR-643 in embryonic lung tissue when compared to the normal adult lung tissue ( Fig. 3C and D) .
Relationship between clinicopathological features and miR-150 and miR-3940-5p expression levels. The expression levels of miR-150 and miR-3940-5p were compared between different cohorts dependent on various clinicopathological features (Table III) . There were no significant variations in miR-150 between the subgroups regarding age, gender, tumor differentiation and metastasis to mediastinal lymph nodes. However, a statistically significant difference in miR-150 expression was observed in regards to tumor size, smoking and stage. The expression level of miR-150 was much lower in the subgroups of smokers and patients with tumors of III-IV stage and a diameter ≥3 cm. A significant difference in miR-3940-5p expression was not noted between subgroups according to age, gender, tumor differentiation, smoking status, histology, tumor stage, tumor size and metastasis to mediastinal lymph nodes.
Low expression of miR-150 and miR-3940-5p is associated with the Ki-67 proliferation index in NSCLC.
The percentage of Ki-67-positive tumor cells in a tumor is an excellent marker of tumor proliferation, and is correlated with prognosis for survival and tumor recurrence. After designating patients with a Ki-67 labeling index >5% as the positive group, we found that miR-150 and miR-3940-5p expression levels were specifically downregulated in the Ki-67-positive NSCLC group, while miR-18b-5p and miR-643 expression levels were not altered significantly between the Ki-67-positive and -negative NSCLC groups (Fig. 4) . This finding implies that miR-150 and Table III . Relationship between clinicopathological features and miR-150 and miR-3940-5p expression. miR-3940-5p expression may be associated with tumor growth and proliferation in NSCLC.
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Correlation between expression levels of miR-150, miR-3940-5p and tumor-related genes Kras, EGFR, p53.
As shown in Table IV and Fig. 5A , we analyzed the miR-150 and miR-3940-5p expression levels in 83 cases of NSCLC in subgroups categorized according to positive or negative IHC staining for tumor-related genes p53, Kras and EGFR. The levels of miR-150 and miR-3940-5p expression were significantly downregulated in the p53 IHC-positive NSCLC, but not in the Kras-and EGFR-positive NSCLC cases. To confirm the possible p53 association with miR-150 and miR-3940-5p, we also examined the p53 mRNA expression in 60 cases of paired NSCLC samples by quantitative real-time PCR. p53 mRNA was highly expressed in the tumor samples of NSCLC Table IV . miR-150 and miR-3940-5p expression in p53, EGFR, Kras IHC-positive and -negative NSCLC cases.
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No A B (Fig. 5B) . Additionally, the p53 mRNA expression level was negatively correlated with miR-150 and miR-3940-5p (Fig. 5C ) expression in the normal and tumor tissues of NSCLC.
Discussion
The present study investigated the expression pattern of miR-150 and miR-3940-5p in lung cancers. Specifically, this investigation yielded the following findings. i) A significant decrease in the expression levels of miR-150 and miR-3940-5p were noted in the tumor tissues when compared to normal tissues and tumor-adjacent tissues vs. normal tissues. ii) Downregulated expression of miR-150 and miR-3940-5p was found in embryonic lung tissue. iii) miR-150 expression was associated with smoking in NSCLC patients; decreased miR-150 expression in tumor tissues was found in a cohort of 
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smokers. iv) miR-150 was preferentially downregulated in a subgroup of NSCLC patients with a tumor diameter ≥3 cm. v) miR-150 was downregulated in stages III and IV compared to stages I and II tumors. vi) miR-150 and miR-3940-5p were most aberrantly decreased in nuclear proliferating antigen Ki-67-positive NSCLC. vii) miR-150 and miR-3940-5p were expressed to a lesser degree in p53 IHC-positive NSCLC. viii) Expression levels of miR-150 and miR-3940-5p were negatively correlated with p53 mRNA in NSCLC. There was no significant difference in the expression level of miR-150 in regards to age, tumor histology and differentiation (Table III ). These findings demonstrate that miR-150 and miR-3940-5p may play a tumor-suppressing role in lung carcinogenesis. The present study showed that nuclear positive Ki-67 of NSCLC is associated with miR-150 and miR-3940-5p downregulation. Ki-67 is commonly used as a marker to evaluate proliferation of tumor cells. It is strictly associated with cell proliferation and is present during all active phases of the cell cycle, but is absent in resting cells (14) . Findings convincingly support that Ki-67 overexpression in resected NSCLC is associated with a poor prognosis (15) (16) (17) . Downregulation of miR-150 and miR-3940-5p in Ki-67-positive specimens suggests that miR-150 and miR-3940-5p may be involved in tumor cell proliferation and contribute to poor prognosis of NSCLC.
miR-150 has been reported as a hematopoietic-specific miRNA in malignant lymphoma and is significantly downregulated in tumor cells relative to healthy cells (18) . In solid tumor tissue, miR-150 expression levels were reduced when compared to paired non-cancerous tissue in colorectal cancer, indicating that low miR-150 expression is associated with shorter survival and a worse response to adjuvant chemotherapy (19) . Our results demonstrated that miR-150 expression is also reduced in another solid tumor -NSCLC. Additionally, we found that miR-150 expression was strongly associated with tumor stage and size as significantly low expression in advanced-stage and large-size tumors was noted. Moreover, we obtained significant findings concerning the effect of tobacco smoking on miR-150 expression; the expression of miR-150 was much lower in the tumors of smokers than that in non-smokers. It has been observed that smoking status may have differential impacts on miRNA expression for mutational patterns of EGFR in NSCLC (20) , and downregulation of let-7 associated with tobacco smoking was also observed in rats (21) . Modification of miR-150 expression in our research suggests that smoking status has a negative effect on the potential tumor-suppressor miR-150 in NSCLC. However, we did not conduct a hierarchical analysis on the effect of cigarettes because of the small number of cases. Other unknown factors may have contributed to our results; therefore, larger samples or functional tests are necessary to explicate our results.
miR-3940-5p is located at chr-19 p13.3, and the 5p-maturesequence is GUGGGUUGGGGCGGGCUCUG; this is a novel miRNA and was first reported in human embryonic stem cells (candidate-18) (22) . Next-generation sequencing identified a large number of new miRNAs, including miR-3940-5p. These new miRNAs are generally less evolutionarily conserved than known miRNAs, with a large percentage unique to humans or primates; the importance of non-conserved miRNAs has not been fully appreciated (23) . To date, there is no report on the expression level and regulation of miR-3940-5p in any cell line or solid tumor. The results of our study found that miR-3940-5p was downregulated in NSCLC and embryonic lung tissue and may have the potential function as a tumor suppressor in the carcinogenesis of lung cancer.
Our findings also demonstrated that miR-150 and miR-3940-5p expression was much lower in p53 IHC-positive NSCLC. p53 protein is expressed at low levels in normal cells and at high levels in a variety of transformed cell lines, where it is believed to contribute to transformation and malignancy (24) . Nuclear p53 protein accumulation, in most cases, is due to mutations within the gene and a strong association was noted between TP53 mutations and nuclear p53 protein accumulation (25) . Mutations in this gene and accumulation of the abnormal p53 protein are frequently associated with malignancy and tumor progression; accumulation of the mutant p53 protein has been associated with a poor prognosis in patients with breast, gastric and colorectal carcinomas (26) . It is possible that miR-150 and miR-3940-5p directly or indirectly regulate the p53 expression or degradation. Regulation of p53 activity, by different miRNAs, has been verified in several pathways. For example, miR-34a acts as a negative regulator of p53 through deacetylating p53 (27) ; miR-29 family members upregulate p53 protein levels and induce p53-mediated apoptosis through direct downregulation of the regulatory subunit of PI3K-p85 α (28, 29) . miR-122 was found to modulate p53 through the inhibition of cyclin G1 (30) . Prediction of miR-150 target gene by TargetScan 6.0 demonstrated that a conserved 8mer binding site of miR-150 exists at the 3'UTR of TP53/ p53. Thus, as a potential tumor suppressor, hsa-miR-150 may be involved in the alteration of p53 gene expression. Few studies have been conducted on the expression and function of hsa-miR-3940-5p in carcinoma. Our results suggest that hsamiR-3940-5p may also be involved in the regulation of p53 expression, directly or indirectly, but further elucidation of the underlying mechanism of decreased miR-3940-5p expression in p53-positive cases is needed.
We also examined the downregulation of miR-150 and miR-3940-5p in embryonic lung tissue compared to a normal adult sample. miRNAs play critical roles in the maintenance of stemness in ES cells as well as in the differentiation to multiple cell lineages (12) . In previous reports, oncogenic miRNAs were upregulated in hES cells, which suggests a possible function in the blockade of cell differentiation (31, 32) . Overexpression of let-7b led to reduced neural stem cell proliferation and increased neural differentiation (33) , and inhibition of the let-7 family promotes de-differentiation of somatic cells to induce pluripotent stem (iPS) cells (34) . It has been reported that the downregulation of let-7 is essential for self-renewal and maintenance of the undifferentiated state of cancer stem cells (35) . Downregulation of miR-150 and miR-3940-5p in embryonic lung tissue implies that they can interfere with the differentiation of stem or carcinoma stem cells.
We found that miR-150 and miR-3940-5p were significantly differentially expressed between tumor, tumor-adjacent and normal tissues, and miR-150 was associated with tumor stage and size. This is evidenced by the significantly low expression in advanced-stage and large-size tumors. Notably, downregulated miR-150 was significantly associated with smoking status in NSCLC, which implies that miR-150 and miR-3940-5p are involved in the pathogenesis of NSCLCS.
miR-150 and miR-3940-5p were also significantly downregulated in embryonic lung tissues compared to a normal sample, which suggests they may be involved in the differentiation of stem cells of normal or cancer cells. We also found that miR-150 and miR-3940-5p were specifically downregulated in nuclear cell proliferation antigen Ki-67-positive NSCLC, which suggests that miR-150 and miR-3940-5p may be involved in tumor cell proliferation and may contribute to poor prognosis. miR-150 and miR-3940-5p were significantly downregulated in p53 IHC-positive cases, but not in Krasand EGFR-positive cases. We confirmed that miR-150 and miR-3940-5p expression was negatively correlated with p53 mRNA by real-time PCR in NSCLC. These findings suggest that miR-150 and miR-3940-5p interfere in NSCLC tumorigenesis and progression, and in the direct or indirect pathways of miR-150 and miR-3940-5p to affect p53 expression. These findings warrant further research.
